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PREFACE 


The practicioner of the science of inventory management 
will soon note that I have successfully avoided any mention of 
several concepts vital to that science, Some of these include 
such fundamentals as safety limits, shortage costs, supply 
effectiveness, and military essentiality. Their importance is 
definitely recognized; however, out of a profound respect for the 
breadth and depth of the problems associated with each of those 
concepts, I have left them for the contemplation of future 
students. Hach would be an area where research would be fruitful, 
I am sure. I have intentionally limited the scope of this paper, 
motivated by the time limitations imposed by the other require- 
ments of the academic curriculum in which 1 am enrolled, to 
dealing with that part of inventory sometimes referred to as the 
"operating level of supply." This is the part over and above the 
safety level and is the part susceptible to replenishment through 
the use of economic order quantity formulae. 

Ll am grateful for the suggestions of my contemporaries, 
for the patience of my family, for the information furnished by 
the officers and civilian employees of the Bureau of Supplies and 
Accounts, and for the others who have given so freely of their 


time. I am much indebted to the Commanding Officer of the Ships 


Lii 





Parts Control Center, Mechanicsburg, Pennsylvania, and especially 
to Lieutenant Commander ©. Woodford Rixey, Jr., Supply Corps, 

U. S. Navy, for the sample data included in Chapter III concerning 
the analysis of the total annual costs of inventory management 


as simulated for material controlled by that command. 


iv 
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CHAPTER I 
INTRODUCTION 
The Econo of Invento Manacement 


The Department of Defense requires that the replenishment 
of stock at secondary activities of the various distribution 
systems be based on “economic considerations, item characteristics 
and performance objectives. "= Replenishment of stock items based 
on economic considerations requires the use of formulae in which 
the quantities to be ordered and the reorder points are functions 
of the several costs incurred in the management of inventories. 
These formulae are in use for segments of the Navy supply system 
and are similar to those which are generally accepted and in use 
today in industry. The reorder quantities which are computed with 
the formulae are sometimes called "economic order quantities,” 


‘oer even “economic buy quantities 


"economic purchasing quantities,’ 
These terms will be used interchangeably throughout this paper, 


especially in quoting from the authorities used for reference 


purposes. There also are a number of names given to the rules 





1pepartment of Defense Instruction 4140.11 of 24 June 1958 





2 
themselves. Some of these are "mathematical decision rules," 


1 


or "seientific decision rules,” and in some of the cases, 
"B. O. Qo" (economic order quantity). 

The mathematical derivation of the formulae would be 
redundant here. If the reader is interested, there are several 
authorities available on the subject in which the derivation is 
ineluded.~ 

It is postulated that the most economical method of 
managing inventories would result when the costs associated with 
ordering and the costs associated with holding the material in 
store were at & minimum. These costs are more inclusive than 
sometimes realized. As defined by the Stanford Research Institute: 

The costs associated with holding an item in 

storage include not only the physical holding costs 
(warehousing, ete.), but the interest cost of money 
financing the material, and the obsolescence risk 
rate. The costs of ordering represents the additional 


cost that would be incurred (or could be saved) by 
Placing (or not placing) one order. 





ithe reader is referred to I. M. Whitten, Theory of 
Manarement, 2nd Ed., (Princeton: Princeton University 





| ; 2 Hoonomic Order Quantity--Scientific Inventor. 
fanagement Simplified, Superintendent of Documents, U. 5. Govt. 
Printing Office, Wash. D. C. (45¢); E. Everet Welch, Tested 

we (Greenwich, Connecticut: Management 
Publishing Corporation, February, 1958); John F. Magee, "Guides to 
Inventory Policy I: Functions and Lot Sizes," Hervard Business 
Review, Jan-Feb. 1956, pp. 4960; or Robert G. Brown, te ee 
Forecasting for Inventory Control, (New York: McGraw-Hill Book 
Company, Inc., 1959). 


“stanford Research Institute, hae Stock cpa 
Electronics Supply 0 Ce, report prepared for the 
reau of Supplies and Accounts, Navy Department, Washington, D.C. 
pore wees California: Stanford Research Institute, January, 
9)s De 
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The total annual costs of ordering and holding the 
Operating level of supply (the amount in excess of the stock held 
for insurance against stock-outs) can be expressed mathematically 


by the formula: 





TA = A Sa 
oD — ° ~s- PI 
where: 
TAG = the total annual costs of buying and holding 
Op 
the amounts purchased. 
A = the annual demand 
Q = the "buy" quantity 
0 = order cost per order 
Go = the cost of ordering the annual demand 
and ; 
P = the unit price of the item 
L = the holding cost rate.+ 
SPI = the annual cost of holding material in store. 
1 


The holding cost rate (I) is sometimes incorrectly 
called the interest rate; however, as noted above the holding 
cost rate includes the sum of the obsolescence risk rate, the 
cests of physical storage, and the interest rate pertaining to 
442 utility of funds which, if they were not used to finance the 
imrentory would be available for other purposes. This might be 
shown symbolically as: _ I=o+s +i. 
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4 
The economio order quantity (or economic “buy" quantity) 
is computed through expressing @ relationship between the costs 
associated with holding material in storage and the costs 
associated with placing orders. Symbolically the economic order 


quantity formula could be written as: 


where: 


the economic order quantity 


= © 
il 


= the annual demand in units 


CQ 
i 


= the cost to order for each order 

P = the unit price of the item, and 

I = the holding cost rate. 

This relationship is expressed graphically in Figure l. 

From this, it can be seen that ordering costs decrease whenever 
larger quantities are ordered since it will be necessary to place 
orders less frequently. On the other hand, as the quantity 
ordered in each purchase increases, inventories are increased; 
consequently the costs to hold the inventories in store increases. 
From Fisure 1, it can be noted also that the minimum total annual 


costs would result if a quantity of 500 of the item were ordered; 








5 
however, if a quantity of 400 or 600 were ordered costs would not 
increase significantly. This is because, at the points near the 
minimum totel cost point, one of the costs involved decreases 
about as much as the other increases. This is one of the virtues 
of using the economic order formula. The last point to mention 
in connection with Figure 1 is whenever a large error is made in 
the computetion of economic order quantities, total annual costs 
increase significantly. This is especially true if the quantities 
are reduced. The lower segment of the total cost curve can be 
seen to rise more rapidly. 
in finding the most economical method of managing our 
inventories, the use of mathematical formula is necessary; in 
view of the resentment sometimes engendered whenever mathematical 
formulae are introduced, this is unfortunate. However, the 
concept is basic; the optimum (least cost) method of managing 
our inventories is a most desirable goal. If we are unable to 
attain that goal, at least we should select the best alternative 
available, a “better” (less costly) method. This is the same 
concept of economic analysis currently used in the selection of 
alternatives by the Secretary of Defense: 
To help predict the consequences of alternative 

policies and practices, we may use models on paper, 

models in our heads, models in the form of games, or 

Simulation laboratories to represent the functioning 

of logistics systems. In an it, tt ternatives 

should be considered in terms of economic erion. 


We should Look at these choices as problems of 
maximization in the face of constraints or, in less 
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7 
technical language, as problems of getting the 
ereatest capability from our limited resources. 
Again, the way of looking at these problems is 
what we wish to stress most of all. In addition, 
quantitative analysis .. . can often help us reagh 
better decisions about these issues in logistics. 

With the development of these scientific decision rules, 
4t is theoretically possible to compute the most economical 
quantities to be ordered simply by substituting the proper values 
for the costs involved in the formula and solving for Q, the 
economic order quantity. It is in the substitution of the proper 
values for the costs involved precisely where the difficulties 
lie. First, they are difficult to determine because they are so 
ephemeral, A less obvious difficulty arises from the fact that 
only the variable elements of these costs are significant to the 
computation and, to determine the variable elements, it is 
necessary to agree on an appropriate time frame of reference. 
What may be true in the long run may not be true, for example, 
from the annual budget point of view. 

It is exactly this point which will be considered in some 
detail in the next chapter. It is recognized that at best the 


discussion can only point to an approach to the problems involved. 





Charles J, Hiteh and Rolend N. MeKean, The Eeo 9 
nse in the N ar Ace (Cambridge: Harvard University Press, 
» Pe 20: Emphasis mine). 








8 
The solution of the problems involved in the determination of 
these costs has been the object of many years’ effort by talented 
organizations. Even so, indications are that much remains to be 
done. The third chapter deals with two of the more current 
approaches to "fit" the formula to budgetary constraints, and 
recommendations with regard to these efforts. 

In part, some of the discussion included will be 
applicable to the formula for determining the reorder point 
("when" to order as opposed to “how much," which is the basis for 
the materiel in this paper). However, consideration of reorder 
points would involve a discussion of shortage costs (the price 
we pay for not having an item in stock where and when it is 
required), military essentiality (how important an item is to the 
mission of the ship), and supply effectiveness. Each of these 
concepts is important and 1s commended to future students as 
fruitful areas of research, especially as they relate to the 
funding of inventories, They are omitted only because of the 
additional time which would be required for their special 


considerations. 
Limitations of Economic Order Quantity Formule 


Although it is obvious to those trained in the science of 
inventory management, 1t should be recognized by 211 that the use 
of economic order quentity and variable safety limit formulae is 
based on the premise that any variation involved is of a random 


nature. This would include variation in usage and variation in 
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9 
production (procurement) lead-time. If the requirement for an 
item is based on other than "normal" (ineluding only random 
variation) demand, such as, for example, a "Cuban crisis," where 
all available ships were alerted and replenished with all items 
to endurance levels, then the scientific supply decision rules 
are not applicable, Many a supply officer has found himself in 
the position of being out of stock, for example, of enlisted 
men's neckerchiefs in his clothing store within a few minutes 
after the word "leaked out" that the new commanding officer was 
a “bear" on rolled neckerchiefs (rendering the well-creased 
neckerchiefs in the hands of the crew "obsolete"). Whereas the 
store normally sold from 20 to 30 a month on which the "normal" 
stock of 90 was based, suddenly 850 new ones were needed. It is 
important to recognize this point. If the demand for an item is 
based on other than random demand, the techniques involved in the 
economic analysis of military inventories are not applicable, 
The Navy is faced with a twofold objective of military readiness 
and economical operation, These objectives, in a sense, are not 
compatible in that to increase the effectiveness of one reduces 
the effectiveness of the other. It can be argued that, if the 
Navy must be ready to meet whatever “crisis” arises, then the 
economic decision rules should not be utilized. However, for 
large segments of the Navy's inventory, the variation in demand 
approaches randomness to a degree thet these rules have reduced 


inventory management costs without significantly detracting from 
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LO 
military readiness. Ina study of these rules for a small 
segment of the inventory controlled by the Naval Supply Center, 
San Diego, the following was coneluded: 


The new policy will make possible substantial 
improvements in supply system costs and effectiveness. 
« « « A conservative expectation is that the new 
policies will permit a permanent reduction in 4 eet a 
investment of $100, 000 (approximately 30 percent), 

reduction in the number of reorders from over ll, b00 
to slightly under 4,000 (approximately 65 percent), as 
well as a significant reduction in the number of 1 
shortages (when compared with present procedures). 


One of the approaches to obtain efficiency in military decisions 
as proposed by now Assistant Secretary of Defense (Comptroller) 
Charles J. Hiteh is by 


Increased recognition and awareness that military 
decisions, whether they specifically involve budgetary 
allocations or not, are in one of their important 
aspects economic decisions; and that unless the right 
questions are asked, the appropriate alternatives 
selected for comparison, and an economic oriterion 
used for choosing the most efficient, military power 
and national security will suffer. 


The use of mathematical supply decision rules has 
significant implications. If they are used correctly, then the 


manacsement of military inventories can be performed more 





Supplies and Accounts, Savy y buyaa beets Washington, D. C. 
Prepared by the Planning Research Corporation, Report PRC Rel32 
eee Amastes! Planning Research Corporation, 1 October 1959), 
Pe 25-6 


“witeh and MeKean, op, ¢it., p» 107. 





11 
economically without impairing military readiness. If they are 
used incorrectly, or when they are not applicable, unnecessary 
costs may be incurred. But, more important, the danger exists 
that while we may manage our inventories more economically, we 
do so only at the cost of sacrificing military readiness to a 


degree that is unrecognized in inventory management decisions. 








CHAPTER II 


THE DESCRIPTION OF COST PARAMETERS 


By far the most difficult problem involved in the use of 
economic order quantity formule is the determination of the cost 
parameters. Some of the parameters, which on the surface seem 
relatively easy to determine, are in fact complicated by the many 
factors involved. For example, the annual demand must be forecast 
in terms of its replenishable (recurring) and its nonreplenishable 
(one-time requirement) nature. Frequently this is difficult to 
determine based on the records available at the point where 
replenishment quantities are being computed. It is necessary to 
treat nonreplenishable demand as known (planned) requirements; 
only the replenishable demand is subject to random variation. 

Many techniques have been devised to assist in forecasting annual 
replenishable demand. Many articles have been prepared with 
respect to forecasting. Random variation in demand can be 
predicted within set limits of confidence on the basis of 
probability formule. The use of past demand should not be 
deprecated as a method, for it very often is the best estimate of 


the future. But it is important to recocnize that the computation 


12 
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L3 
of the economic order quantity is a function of predicted demand-- 
not past history. Known "J" factors which would affect the future 
recurring demand for an item must be made a part of the forecast. 
One technique used to assist in the determination of demand trends 
is the exponential smoothing technique which weights demand by 
giving more importance to recent developments. Another is the 
use of tracking signals to detect demand surges, Continued 
development of these techniques is encouraged to improve the 
validity of demand forecasts. After all, the decision rules are 
only important in that they affect future costs; these costs are 
a function of the predicted demand. 

The problem of ascertaining the unit price parameter is 
not without difficulties. It is the unit price of the quantity 
to be ordered which is pertinent. At the time the decision is 
made to replenish this may net be known. Often it depends on the 
quantity to be ordered, especially if lerge quantities are 
involved. The cost of transportation is sometimes included in 
the price of the materials; at other times it is not. 

While both the annual demand and the wnit price parameters 
present some very important problems in computing the economic 
order quantities because of their relative simplicity as opposed 
to the others involved, most of the discussion will be centered 
on the ordering costs and the costs of holding material in store. 


One of the difficulties in determining these costs stems from the 
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14 
fact that the present method of accounting for these costs does 
not facilitate segregation in the manner required. The second 
difficulty is,only the variable elements of the costs incurred 
are involved in a given computation. However, what may be a fixed 
cost in processing the next order, such as the additional 
purchasing clerk's salary, may, when viewed from the perspective 
of the annual budset, be a variable cost (the clerk could be 
released if enough orders were eliminated); in the long run, every 


cost is a variable cost. 





Ordering costs increase, generally, as the number of 
orders increase. These costs include the salaries of the 
pureh:sing personnel, telephone bills, correspondence, telegrams, 
filing, processing of receipt documents, the cost of paying bills, 
of unloading facilities, transportation, drayage, inspection, 
receiving and initial warehousing. Strictly speaking, it should 
also include the manufacturer's setup costs; however, these costs 
are rarely known. They can be identified in any situation where 
intracompany shipments are made, such as in the militery. When a 
requisition is placed on another depot, the additional costs 
incurred (by the shipping depot) include processing the incoming 
requisition, picking, packaging and shipping the item. It should 
be recognized thet, while intramllitery requisitioning procedures 
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15 

may be less costly than the cost of originating a purchase order 
to purchase from commercial sources, the double handling of the 
paperwork and material involved by the military more than offsets 
such economies. 

It is difficult to determine the costs of ordering simply 
because of the manner in which costs are “hidden” in the 
appropriation structure and the "splllover" which results when 
one resource is committed to more than one function. For example, 
the Navy officer who hes purchasing as one of the functions for 
which he is responsible is paid from the appropriation, Military 
Personnel, Navy. The first problem would be to allocate the 
variable portion of his pay and allowanceseeplus the other expense 
invelved in supporting him as a Navel officer--to the purchasing 
function. If his time could be apportioned, this would be a 
reasonable basis. In the very short run, of course, no variable 
@lement would be involved; all costs would be fixed. In the very 
long run, part of his time could be allocated as a variable cost. 
In a budget year coneept, only a part of the long-run costs 
should be so allocated on the premise that the time of military 
officers involved in purchasing could be reduced if a sufficient 
number of purchase orders could be eliminated. Further 
complications arise in that some of the costs in supporting the 
military officer are paid from appropriations other than the 
appropriation Military Personnel, Navy. 


16 

By far the greatest portion of the ordering costs are 
paid from the appropriation, Operations and Maintenance, Navy. 
This includes the salaries of personnel and expenses of the 
ordering office, the salaries and expenses of the receiving 
personnel at the receiving activity, as well as the shipping 
costs of shipping activities when they can be so identified. A 
part of the cost of ordering may be paid for by the appropriation 
financing the material purchased. If shipping costs are added 
to the price of the material, the using activity pays the cost. 
When material is accepted at the contractor's plant, or is shipped 
between military activities, then the service«wide supply part 
of the appropriation pays the additional costs. The cost of 
construction of office, receiving, and shipping facilities is 
included in the appropriation, Military Construction, Navy. Some 
of the costs, such as the interest on the funds which finance 
the ordering costs, never appear in the Navy appropriation 
structure. 

It can be seen from the above that, although some effort 
has been expended in determining the variable costs of ordering, 
the collection of these costs 1s difficult. Also, the variable 
portion of the costs increases as the time-frame is extended. 
This has resulted in considerable confusion in the implementation 
of the economic order quantity formulae. Several widely divergent 
estimates of the cost to order have been formulated. Most often 


the tendency is to underestimate the ordering costs as reported 
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17 
in the Production Handbook. 


One company was surprised to find its cost of 
procurement per order was $21.11. A rule-of-thumb 
figure by other companies is in the, neighborhood of 
£8.00 to $12.00 per purchese order. 

The Bureau of Supplies and Accounts recommended that a 
value of $45.00 per order be used by the Stanford Research 
Institute in its study of Advanced Sup ecision R for + 
Electronics Supply Office in 1959.° The Planning Research 
Corporation in its analysis of local supply decision rules at the 
Naval Supply Center, San Diego used an order cost of $5.40 per 
order.” It would appear the latter lower estimate was based on 
the fact that orders were placed for a relatively small segment 
of material involved in the study; also that relatively small 
orders would be issued for the material involved. One of the 
larger inventory control points has recognized the increasing 
complexity of contracting for larger dollar volume and has 
estimated the cost of large orders (over $2,500) as about $725, 
whereas the cost of small orders (under $2,500) was estimated at 


about $75 for the centralized procuring agency. When the Bureau 








leordon B. Carson, (ed.), duction Hand 
Edition; New York: The Ronald Press Company, 9), PDe 4055. 


“stanford Research institute, loc. cit., De. 22. 
MNMeIntosh, loc. cite, Pp. 12. 


18 
of Supplies and Accounts stock tables were issued originally for 
certain categories of locally controlled material, the tables 
were based on an estimated cost to order of $10.00 per order. 
In a study of the ordering costs of one of the Navy’s inventory 
managers, the Ships Parts Control Center, Mechanicsburg, 
Pennsylvania, line item order costs were determined to be $24.08 
for small purchase orders, $41.89 for negotiated contracts, and 
$55.34 for advertised contracts. I+ is noted, however, that 
ordering costs for this estimate were relatively narrowly defined 
as only those costs incurred at Ship's Parts Control Center. 
That the estimates which have been cited are so widely 
divergent of necessity, points up the fact that they have been 
computed on differing ground rules. In the report of Dunlap and 
Associates, Inec., some of the problems involved are noted: 
First, any estimates of the parameters required must 
be wholly arbitrary because the underlying theory is not 
stated in operational terms » the theory does not define 
“order cost” and “holding cost" parameters. There is no 
way of telling what costs are properly chargeable to 
these parameters, or where they begin or end, or whether 
they are longerun or shorterun marginal costs. Such 


questions cay be answered only by making arbitrary 
assumptions. 










‘Dunlap and seevene sone — A Study ! 
Josts 2 Sh s Parts nitro nter, A report prepared for 
the A vanead Logistics 6x Svis on, Bureau of Supplies and 
Accounts (Stanford, Connecticut: Dunlap and Associates, Inc., 

31 July 1961), De 126 


“Ibid., De 70. 









L9 
To resolve the dilemma, for purposes of their study, the 
following was rationalized: 

Since the theory underlying the economic buy 
formula in use at SPCC has not been stated in 
eperational terms, it is impossible to measure the 
“order cost" in a way whieh can really be justified 
in terms of the theory. The most that can be done is 
to meke some arbitrary or intuitive operational 
definition of the term "order cost" and to measure it 
accordingly. 

Although there are difficulties involved in She 
determination of variable (short-run) costs, it by no means 
follows that no decisions should be taken. It is more difficult 
to estimate variable elements for shorterun costs than for longerun 
costs. It seems reasonable that if the procurement operation were 
to be envisioned as one which would endure for a number of years, 
that as many of the costs as possible should be considered as 
variable costs in the determination of cost parameters. Not only 
would this reduce the complexity of cost analysis, but would 
provide for a more efficient long-run procurement effort. To view 
the costs always in terms of annuel budgets would deny the longerur 
advantages of using economic order quantity formulae. 

Obviously, there must be some agreement as to some time- 
frame of reference for the estimation of the variable elements of 


the costs involved. Further, if the estimates indicate that the 


1ipid., De Tle 
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value of a cost parameter should be changed, these changes should 
be implemented on a progressive basis, since any revision of 
values will tend to, in the transient year(s), affect other cost 
parameters as well. Cost parameters must be studied in terms of 
the time, location, and other constraints involved and are by no 
means @ oneetime determination. In fact, the revision of 2 cost 
parameter will affect future determinations of its own value. 
However, it is coneluded that we are not in a position to make 
sound inventory management decisions which will select 
economically attractive alternatives unless we know what our costs 
really are. 

The way is not easy. Problems involving the same kind 
of determinations are faced in connection with the maximization 
of cost effectiveness in decisions at top sovernmental levels. 
Indeed, if anythins, the problems there are even more difficult. 

Particular attention had to be given to the 

development of meaningful cost/effectiveness data 

On alternative weapons systems, Because of the long 
life cycle of major weapons systems, their costs must 
be projected over yearse-ideally over their entire 
life span. « »« « Since such leng term projections 
are very difficult with any degree of precision, we 
fixed on a five year period, which is short enough 

to make possible reasonably accurate estimates and 
long enough to provide a good approximation of the 
Lull cost. 

Additionally we needed to kmow, not only the 

one-time costs for development, procurement and 


construction of facilities, but also the recurring 
annual operating costs. 








“Charles Je a "Management of the Defense Dollar," 
ie est, I Year 1963, (Washington: Office of the 
Soup treticr, Ravy 5-9 1962)5 Pe 22. 
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The Holdin: Cost Rate 


The holding cost rate is possibly the most difficult cost 
parameter to determine. This is difficult not only because of the 
lack of accountinz data relative to tne variable cost elements, 
but also because of the three types of costs involved. The three 
costs included in tne holding cost rate are the costs of physical 
storage, the obsolescence risk rate, and the interest rate. 

Ine costs of physical storage include warehousing, heat, 
light, rent, refrizeration, dehumidification, janitor service, 
security, preservation, and the cost of physical inventories. when 
long-run costs are considered within the variable portions, there 
are further problens of allocating costs of materials handling 
equipment, warehouse bins, and the other fixed assets which are 
eventually required to handle additional material, Of the estimate 
costs of holding inventories, these costs are more easily computed 
in a long-run analysis. They become increasingly difficult when 
computed on an annual basis. Two of the economic costs of holding 
inventories which are dirficult to justify when military 
inventories are considered are insurance costs and the loss of 
taxes. 

While the Navy does not pay for insurance, the fact is 
that it does sustain losses for which a prudent businessman would 
obtain insurance. This is not to say the Nevy is in error by not 
obtaining insurance; tnis cost is included as a recognition of the 


losses sustained which are normally insurable. fhe loss of taxes 
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is even more difficult to justify, however. The cost of taxes 
would be recoxznized by a businessman. If tne material in store 
for the government were not required, and these resources could be 
diverted to industrial uses, then the sovernment would be able to 
realize a return from taxation. This return is lost because the 
government has diverted these resources to public use. This return 
is lost to the government and, in this sense, is an "economic cost" 
of holding the material by the government. 

Tne obsolescence risk rate is measured by a number of 
costs. It may take several forms, including (1) outright spoilaze 
after a more or less fixed period; or (2) risk that a particular 
unit of stock will become unsalable for technological reasons. 
Some items in the supply system have a definite shelf life, such 
as photosraphic paper, rubber goods, or fresn produce. Also in 
military inventories it ils often necessary to store items under 
other than ideal storage conditions. The humidity in one area, 
extreme cold in another, or necessity for outside storace in 
anotner, all may increase spoilage and deterioration. The 
obsolescence of material in store, particularly of repair parts, 
ls probably one of the most significant elements of the cost of 
nolding material in military inventories. 

Because of changes in technology and operatins concepts, 
items in the system are being constantly replaced by more advanced 
designs. Althougn those items having a replenishable demand, and © 


therefor susceptible to scientific supply decision rules, are less’ \| 
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affected than others, this has increased in importance with recent 


technological developments. Whole new weapons systems are being 


"sunk" in the 


made obsolescent, although, in general, the costs 
old weapons systems are considered before they are pnased out. 
The importance of this element is stressed simply because it is so 
often underestimated. As an example, in the budget presentation 
of the Bureau of Supplies and Accounts with respect to the 
apportionment of the Naval Stock Fund allotment of the Ships Parts 
Control Center at Mechanicsburs, Pennsylvania, it was estimated 
that 18 and 24 percent of the repair parts originally provisioned 
for new equipments for the fiscal years 1962 and 1963, respectively 
would become obsolete without ever naving been used.t 

Possibly tne most difficult of the costs to consider is 
the interest rate to be used in the computation of inventory 
requirements. The Department of Defense Instruction 4140.11 
specifies that an interest rate of four percent will be used for 
inventory management purposes, based on the ceieees that ghe U, 3. 
Government pays about that rate; therefore, this is one of the 
factors used in determining the holding cost rate. However, at 
such times as funds are restricted on a temporary basis, a higher 


rate of interest might be justified by the inventory manager or the 









leureau of Supplies and Accounts, Navy Stock Pund, Fiscal 
ear 1963 Reapportionment and Fiscal Year 1 Sh Budzet “#stimates 
amasnington, D. ©., Bureau of Supplies and Accounts, 1 October 
1962), p. 82. 
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Defense Department, on the pretext that if the money were not 
used to finance inventories, 1t might be used elsewhere more 
productively. when the use of funds is delayed, that is, when 
the funds are used elsewhere with the understanding tnat a larger 
amount will be made available at a later date, and a higher 
interest rate is used, the manazser is said to be expressing his 
"time-preference rate." 
Time-~preference rates express one element of choice 

in decision rules for a complex system. It is the 

Choice of one from a set of alternative time patterns 

of benefits and costs expected in successive future 

periods. Where there are a number of such patterns 

or distributions over time that are all feasible, a 

common way to proceed is to consider only that subset 

wnere the importance of benefits (such as meeting 

demand) is assumed to decline either linearly or 

exponentially (analazous to simple or compound 

discounting) in successive future years. Each alternative 

pattern witnin this eyeurs can then be characterized by 

its rate of decline. 
One interesting study was made by the Planning Researc nr Corporation 
in which the thesis was advanced that 1f it were unnecessary for 
the government to hold inventory, tne funds used to finance the 
inventory could be used for industrial purposes; hence the 


“Interest” rate which is comparable is the averaze rate of return 





luavy Department, Advanced Logistics Research Division, 


Bureau of Supplies and Accounts, What is Time Preference Rate? 
(Washinzton, D. ©.: May, 1960), p. 16. 
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on investment in the American economy.2 

Following this thesis, in order to determine the average 
yeerly rate of return, earnings for 72 industrial corporations 
and the yearly asset values (less oash and receivables) were 
aczregated, The total ten-year earnings (1949-1958) were divided 
by the sum of the year-end asset values to determine the averaze 
yearly rate of return. fhe companies included manufacturing, 
electric and netural gas utilities, telephone communications, and 


railroads. The results are tabulated as follows: 


Industrial Sector Physical Assets Average Annual 
Billtons of dollars Rate of Return 
L9AI 195 
Manufacturing 7687 164.0 19.6 
Ytilities 78 42,6 10,2 
Telephone Jomaunications Te 3 17.2 14.0 
Railroads 26.0 32,8 7.9 
Totals 145.6 299.8 





1s, A. Stockfisch, The Interest Gost of Holding Militar 
a & report prepared for the Bureau of Supplies and 
ccounts, Navy Department, Washington, D. CG. (Los Anzeles: 
Planning Research Corporation, PHO Re156, 5 May 1960), p. 4. 


“the totals shown are those which are included in the repor 
(page 11), althouzh they are incorreet. The error arises in that, 
in the report, utilities were broken down into electric and 
natural gas. The subtotals for utilities were added in a second 
time, hence the totals shown are overstated by 17.8 in 1949 and 
42,6 in 1958. The correct totals ars 127.8 and 257.2, respectively 
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When percentage weights are applied, based on the percentage of 
each sector of the economy, the overall rate of return generated 
by investment in physical assets turns out to be 16.5 percent.~ 

There are & number of points that might be made which 
would reflect on the validity of this analysis. Some of these 
include the fact that only a relatively few of the larger 
corporations were used as a basis for the analysis. The smaller 
companies, bankrupt corporations, and the entrepreneurs are not 
represented. To include the noncorporate sector in the caleulation 
would lower the rate of return somewhat, although not much since 
the larger sector, in terms of assets committed, is the corporate 
sphere. The “book value" of assets, which was used as a base for 
the computations, also does not accurately reflect their true 
economic value because of the deflated value of the dollar and the 
method of depreciating “old" assets. To verify the percentage of 
return on investment, a second method was utilized. fhe market 
value of outstanding securities of the 72 companies was used to 
value their corporation's assets ag measured by the market. The 
market value was then divided into the income which accrued to 
these security holders. Several adjustments were necessary to 
refine the results attained. The results of the survey were as 


follows: 


1ipid., p. 14. 
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Average Annual Market Average Yearly Income Rate of 
Value of Assets (Millions Before Taxes (Millions) Return 
$61,821.3 $8 ,604,.1 13.9% 


This 18 comparable to the 19.6% rate of return derived 
from the first method. The first method deducted cash, near-cash, 
and recelvables, on the grounds tnat they were nonproductive in 
the social sense and to include them would have been double 
countinz, whereas the second method included them. If all assets 


nad been used in the first method, the percent rate of return also 


| would have been 13.9%, identical to the rate of return obtained 





by the second method. + 

It is a matter of conjecture to consider that the next 
£60 billion invested in the economy will bring the same rate of 
return as did the previous $50 billion. Further, it must be 
observed that the market value of stock can vary overnight without 
a significant corresponding reduction in assets. It would be 
another victory for "techniquemanship" were one to succumb to the 
statistical accuracy portrayed by the above data. But it is 
concluded here that the four percent set by the Department of 


Defense as the appropriate rate of interest in the aforementioned 


| Department of Defense instruction does not adequately reflect the 


rate of return which might be realized if the alternative to 





lipid., p. 18. 
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investment in military inventories was investment in industrial 
assets. Although this alternative is not available insofar as 
the individual military inventory manager is concerned, the 
alternatives which are available compete for every other defense 
dollar, and in sum total the rates paid for military inventories 
are the same as for missiles or any other expense. Total govern- 
ment dollars must compete with the alternative uses which miznt 
be made of that dollar provided it were not collected in taxes, 
This is the point of view presented in Chapter III of The Economics 


fense in the Nuclear Age: 


what, in a fundamental sense, is the "cost" of a 
course of action? It ls whatever must be given up in 
order to adopt that course, thet is, whatever could 
otherwise be kept or obtained. 





while 1t is contended that the four percent figure is 


unrealistically low in determinins appropriate cost parameters, 


| 4f the 13.9% were used as an "interest" rate, then the holding 


a 


cost rate would become extremely high when added to an obsolescence 
rate and actual rates of storaze costs. If a ten percent 
obsolescence rate were applicable and a physical holding rate of 

1 percent were used, then the holding cost rate would approximate 


24.9%. 





luitch and McKean, op. cit., p. 26. 





ag 
¢ith the variables involved in the holding cost rate, it 


can be seen that each inventory manager is hard pressed to arrive 
at any meaningful rate which best relates his experience--and the 
experience of the supply system--to his particular range of items, 
Some guidance has been provided by industrial concerns which, from 
a profit motive, have devoted considerable time and energy to the 
study of this problem, 
Generally, the total of the holding costs runs from 10 
to 20 percent of the value of the inventory per year. One large 
automotive manufacturer with 2 model obsolescenee problem uses 
25% per year as his figure. One commonly used estimate of the 
percentage cost per year of carrying inventory is as follows: 
Storage facilities . . 1 «6 6 «© « © OF 
faxes and Insurance. . . « « «+ eal 
Material Handling and 
Record-Keeping . 6 2. « © «+ © « « 4 
Interest on Investment . 1. «6. «6 « 5 
Depreciation, Obsolescence, 
and Shrinkage . «26s #6 «+ « « «5. 
Total 174° 





loarson, op. cit., pp. 4-58. 
@Ipid. 
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{nother manufacturer computes costs at 15.75% to which he adds 
another contingency factor of 20%. He has recently reduced his 
contingency factor te 10% and contemplates even further reduction.+ 
Bechtel (NAOA Bulletin, vol. 36) states that 

"in the American Cyanamid Company, they made numerous 

studies to determine the cost of carrying inventories 

and each time came up with a different set of figures. 

The reason was that the different sets of inventories 

involved different sets of costs-to-carry, since 

different types of items require different types of 

costs. They found that a range of l2 to 20 percent 

of the annual inventory valuation was an appropriate 

cost, with the lower standard applying to standard 

goods such as bulk acids, alums, fertilizers, etc., 

which did not deteriorate or go out of date",< 
Bechtel states that "a recent calculation was made to show the 
estimated annual average cost of carrying inventories by UJ. 8. 
industry. ... If a5 percent interest rate were used, it would 
increase the carrying cost to 22 percent per year," 


It would seem tnen, that the higher rate would be more 


where there is a relatively high obsolescenes risk. Ina study 
by the Stanford Research Institute of items controlled by the 
Electronics Supply Office, a holding cost rate of 15% was used. 


This was besed on the following valuation: 





1Tpid. 
Ibid. 
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| 

applicable to an inventory of items such as ships repair parts 
| 

| 

| 
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Physical Holding Rate ..s..... lh 
Interest Rate . «sss sss to 4 
QO 


Obsoheseence Bate .. i tise set wd 





fotal Holding Cost Rate L5% 

The Bureau of Supplies and Accounts, after some study in 
the matter, concluded that this area was one in which there was a 
need for further study. But in order to comply with Department of 
Defense directives, stock tables were published in 1959, to be 
utilized on a restricted basis for locally controlled material in 
which reorder quantities were computed using a holding cost rate of 
20 percent. Other Bureau of Supplies and Accounts stock tables 
have been approved for use, using a holding cost rate of 20 percent 
so that as of 1 August 1962, approximately twenty percent of the 
Navy inventory, or 250,000 items, are now controlled on this basis. 
The 20 percent holding cost rate was used simply as a matter of 
expediency; however, to date no further studies are underway which 
seek to verify the accuracy of the percentage. Overall, it appears 
to be &@ reasonable compromise, and yet this is the very area in 
which the inventory managers are subject to criticism in the 


justification of their budgets. Whereas the holding cost rate of 





tstanford Research Institute, loc. cit. 






falan J. Gradwohl, 1 3: 
Stock Table Program. A report prepare for the Bureau o Supp 
and Accounts, Navy Department, Washington, D. 0O., Report PRO Ra 262 
{Los Angeles: Planning Research Corporation, 1 August 1962), p. 1. 
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20 percent would tend to reduce the investment in inventories, as 
opposed to the rates which would be used if the 4 percent interest 
rate were used as recommended by the Department of Defense, budget 
analysts have suggested the use of even higher rates, as much as 
300% in order to reduce investment levels even further. 
Unfortunately, while a small increase in the holding rate would 
not affect total costs significantly, such a large variation is 
very costly. It is difficult to prove that costs are increased, 
however, when the true economic order quantity depends on the 
aceurate evaluation of the cost parameters in the first instance, 
One not only has difficulty justifying budgets, but really cannot 
know if, in fact, his budget estimates are truly optimal from a 


cost point of view. 





CHAPTER III 
ADJUSTING INVENTORIES TO BUDGET LIMITATIONS 


Budzet Justification 


The purpose of the scientific inventory decision rules to 
reduce the total costs of inventory management to a minimum, would 
seem the answer to the budget analyst's prayers; yet the facts are 
that insufficient funds have been authorized to permit ordering 
the "most economical” order quantities. Ideally, the justification 
of the inventory manager's budget would follow the procedure of 
determining the most economical costs, compute requirements based 
on the formula, total the costs of obtaining these requirements, 
and budzeting for these funds. Unfortunately, there is consider- 
able discussion regarding the accuracy of the cost parameters as ha 
been sugzested in Ohapter II. Then, of course, the costs are 
absorbed by various appropriations and this requires review by 
more than one budget analyst. It is not uncommon to have one 
appropriation cut on the assumption that it will be funded from 


another only to have the second budget analyst fail to consider the 


Ree reer ener errr nr en nnn e cnc nen ccc ccc ne Een 
tng 


increase proper in the appropriation which he reviews. If the Navy 


inventory managers are to realize the full benefits from using the 


a2 
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economic order quantity formula, there must be a correlation of 
effort to balance funds properly used to finance the purchase of 
the material (1.e., the Navy Stook fund) and the funds used to 
finance inventory operations (1.¢., Operations and Maintenance, 
Navy). In describing this phenomenon, Department of Defense 
Comptroller Hitech points out: 

e « « Cheap parts can economically be stocked in 

greater number and quantity at base level than has 

been the case under Air Force regulations, Various 

statistics confirm this view. About 25 percent of all 

aireraft perts demanded at a base during a month are 

not now normally stocked at a base or are not stocked 

in sufficient quantities. ... It is not very hard 

to prove that it would be economical for the Air Force 

to keep larger stocks of cheap aircraft spares at its 

bases and to reorder in lergerquantities than in the 

past. This need not mean an eguivalent increase in Air 

Fores worldwide stocks--far from it--but it does iuvenys 

some shift of funds away from depot supply operations. 

While there are potential savings in the full implementatio 
of economic order quantity formule, there are transition costs 
which must be considered. In the early stages it is necessary to 
order the more inexpensive items in larger quantities, temporarily 
increasing the investment costs. While in full implementation 
these increased costs would be offset by reduced stock levels of 
the more expensive items, there is a natural "reluctance" to 
accept lower inventory levels of these items, However, once this 


is accepted as a more efficient utilization of resources, this 
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luiteh and MeKean, op, cit., p. 274. 
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should offset sufficiently to reduce inventory investment. Some 
of the problems involve the rate of interest established by the 
Department of Defense. The interest rate is so low that it has 
resulted in a relatively low holding cost rate. This would tend, 
in computing economic order quantities, to inerease the level of 
investment. OComputations thus far have resulted in inventory 
levels higher than the budget analysts of the Department of Defense 
have been willing to approve. 

It is sometimes considered relatively simple ina 
revolving fund arrangement (i.e., where the fund 1s reimbursed by 
other appropriations whenever material held in the fund is issued) 
to utilize the funds generated for replenishment purposes. This 
would be a form of “backdoor spending" which Congressional 
appropriation committees find so reprehensible. However, in the 
case of the Navy Stock Fund, control is maintained over the cash 
portion of the fund through the budget by both the allotment and 
apportionment procedures. Sach year the inventory manager must 


estimate his requirements and submit them in budget form to the 


| Bureau of Supplies and Accounts, where they are consolidated and 


| submitted through regular budget procedures similar to the method 


used for other budget requests. The requirements of the inventory 
manager are based on projected sales (issues), programs which aust 
be supported, resources on hand, and stockage objectives which are 
set forth by the Department of Defense. Currently, for retail 

items of the Defense Supply Agency, stock levels authorized for the 
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Navy are a one and one-half month operating level (corresponding 
to the amount which is susceptible to replenishment by economic 
order quantity (8.0.Q.) and & one month safety level. For ship 
repair parts, the operating level of supply is six months’ usage 
and the safety level three months' usage. However generous these 
levels may seem, there are many iteme in the inventories of repair 


parts which, although provisioned initially, never generate a 


demand which would justify replenishment on an economic order 
quantity basis. Also, many items are maintained for "insurance" 
purposes, whether for mobilization purposes or other contingencies. 
These factors present the problem which faces most 
inventory managers. Funds available are inadequate for the various 
programs supported, to provision new equipment, and to replenish 
stock for those items used, One method used to reduce requirements 
4s to increase the interest rate used in the replenishment formula. 
This then increases the cost of holding the inventory and thus 
reduces the quantities to be purchased. A second method is now 
in use in which the cost parameters are not “adjusted.” The "buy" 


quantities are reduced by an arbitrarily set percentage as 


a ae 


necessary to reduce purchases to the levels permitted by available 

funds. The effects of these adjustments will be discussed in later 
| sections, but assuming that the cost parameters were valued 
iciesoite. theoretically unnecessary costs will, in the long run, 

"|| be incurred in both instances. These costs will not appear in the 


| Savy Stock fund. They will be absorbed primarily by the operations 
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and maintenance appropriation. Some of these costs will never 
appear in the accounting records or be identified with inventory 
decisions. The manner in which the costs increase will be 
discussed later, but as noted, this is difficult to ascertain with 
the dilution of fiscal charges as collected in the accounting 


system. 


Adjustment of Oost Parameters 


When the formula for the computation of the economic order 
quantity 1s considered, it can be seen that relatively large 
adjustments in the cost parameters will have little effect on the 
quantity to be ordered. In fact, this has been propounded as a 
virtue of the formula: exact determination of cost parameters are 
not essential to achieve many of the benefits of E.0.Q.+ The 


formula is recalled: 


Q =\/2ac 
PI 


With the relationships involved, it really makes no 
difference whether the order cost is doubled or the holding cost 
rate cut in half; the results are the same. Further, since the 


order quantity varies proportionately to the square of the parameters 


1 eeconomic order quantity. Supra, p. 4. 


33 
involved, it takes a rather substantial adjustment to affect the 
"buy" quantity. For example, increasing the holding cost rate 
fourfold is necessary to reduce the buy quantity by 50%. If it is 
desired to reduce the “buy” quantity the problem resolves into 
which of the cost parameters is most susceptible to adjustment and 
how much of an adjustment should be made. 

First, quite arbitrarily, the annual demand or the order 
costs might be reduced (A and C in the numerator of the fraction). 
The same adjustment can be made by increasing the unit price or the 
holding cost rate (P and I respectively in the denominator of the 
fraction). Two of these parameters are more difficult to adjust 
Simply because they are more readily computed by reordering 
personnel. These include the annual demand, as reported, and the 
unit price at whioh the material is carried. Ordering costs and 
holding cost rates, because of the difficulty in computing then, 
are more readily adjusted. Since it makes no difference whether 
the ordering costs or the holding cost rate is adjusted, the sams 
rationale might be used to eliminate adjusting the ordering costs. 
Of the two, the holding rate is susceptible to the greatest error 
Jin computation. Since it is more difficult to compute, it is more 
|aigficult to disprove an incorrect rate. Further, it is recalled 
lthat one of the elements included in the holding cost rate is the 
linterest rate. The rationale which is used to increase the interest 
irate, as opposed to the storage costs or the obsolescence risk rate, 


follows the line that in strictly economic terms, whenever money is 





a9 
scarce, it commands a higher rate of interest. ‘whenever this rate 
is increased, the new buy quantity is less than the true economic 
order quantity~--assuming, and this is where the trouble lies, that 
the cost parameters were correctly deternined in the first Instance 
Graphically, the results of inoreasing the interest rate are 
portrayed in Figure 2. It can be seen that, if the cost parameters 
were determined correctly in the first place, total costs in the 
example increased from $4,000 to about $4,400, presumably an 
uneconomical expenditure of #400. A second point to observe from 
Figure 2, is that even though the reorder quantity was cut twenty 
percent, because of the relatively "flat" contour of the curve 
near the minimum point, total costs increased only approximately 
ten percent. It can be also noted, however, that as further 
adjustments of the interest rate are made in the sane direction, 
total costs will increase significantly. 

Possibly the most misleading part of the graph is the top 
line, the apparent total annual costs line. It would appear that 
even with the increased interest rate, the buy quantity computed 
would result in the most economical operation--which is not true. 
The “aura” of economy which is imparted to the unwary does not 
in fact exist. Conversely, if the cost parameters are not computed 
accurately in the first place, this same aura of scientific 
analysis may be present, when in fact, true economy is not attained. 
Thus, the inventory manager can de misled into supporting a positio 


in his budget justification when that position is untenable. 
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FIGURE 2 


affects of Adjusting the Interest Rate on the Computation 
of Economic Reorder Quantities 


DOLLARS 
(thousands ) 








8 
Apparent Total 
Annusl Costs 
Increased Annual 
¢ Holding Costs 
\ / 
\ 1 
6 \ 2 / J 
\ ? / Total Annual 
\ He / Costs (TAO) 
5 ' Md 
wat / 
Qi AST AC Aotual Annual 
tty Holding Costs 
5 
7 ' 
2 4 { 
Ff | 
7 
/ Annual Ordering 
1 / Costs 
/ | 
7 
Z { 
0 ser . nana Cunencnts 
0 00 00 500-. 600 800 1000 1200 
Q1 q ITS 
ATAG = Increase in Total Annual Costs by using the increasdd Wrte 
of interest. 
Q = Beonomic Order Quantity (500) 
Qi= Buy Quantity using the increased rate of interest (400) 
? = Minimum Total Costs ($4,000) 
f,= Total Cests using increased rate of interest. ($4,400) 








| 


41 


Many attempts have been made arbitrarily to adjust cost 
parameters to achieve a portion of the desired results (i.e., a 
decrease in the level of inventory investment). In general, it 
has been found that the results of these have been difficult to 
rationalize and have not held up under analysis. Im one such case 
Lt was decided that the safety level of certain categories of 
material could be reduced from the 99.9% level of effectiveness 
wnich resulted when the predetermined parameters were used. The 
shortage cost (the additional costs incurred by running out of 
material) was cut to one-half of the previous value. Stock levels 
were then lowered without a significant lowering of effectiveness, 
In another instanee, the unit ordering costs used were 
significantly lower than those previously determined. This was 
justified on the basis that the number of orders decreased the 
operating level investment hopefully enough to “pay for" the 
increase in eperating costs which resulted from using the advanced 
supply decision rules with the lower order costs, However, this 
adjustment is at variance with what might be experienced with a 
decrease in the number of orders; the unit order cost would tend 
to rise. At least a part of the unit order costs are fixed and 
semie-variable. Fortunately, the reduced order costs were not 
introduced into the Navy supply system. A research team, working 
with the problem of reducins investment levels to meet budgetary 
restrictions, attempted to explain the management implications 


A4nvolved as follows: 
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hat are the implicit assumptions benind the 
parameters suggested . .. compared, say, to the 
(original) parameters... ? First one ean deduce 
the assumption that 1t costs one-fifth as much to 
requisition (one type of) material as (another) and 
One~twenty=-fifth as much as (a third type). Since 
this assumption cannot be supported by outside data, 
one must next assume that the holding cost is five and 
25 times as great for the other material. Now the 
twenty percent holding cost for (one type) can be broken 
down as follows--storage rate 1%, time-preference rate 
14%, and obsolescence rate 5%. To increase the holding 
rate for the four (types) under consideration by varying 
| the obsolescence rate would result in an obsolescence 
rate of 85% per year for (the ons), and 485% for (the other 
type). These high values seem no more reasonable than a 
very low ordering cost for these (types). 


Also; 


Comparison of shortage costs reveals the implicit 
assumption that shortages in (one type of material) are 
one-fifth as important, and one-tenth as important in 

| (another type), as in (the third type), Studies of 

| essentiality of items aboard submarines suggest that 

| electronics items may be categorically less essential 

| than ships parts and ordnance items. There are, however, 
no studies to indicate that uniforms and lubricants are 
one-fifth as important as general stores items. 

Thus, to avoid increasing investment in each of the 
individual nine types of material under investigation 
we have had to make implicit assumptions about order cost, 
obsolescence, and essentiality which ang neither completely 
logical nor supported by known studies. 


This ic also noted in a study of ordering costs at the Ships 


Another example is that with economic order quantity 
rules the amount of money to be spent on stock purchases 
is dependent upon the ratio of the "order cost” parameter 
to the "holding cost" parameter, which may be more or less 
than the amount of money available. Therefore, “order 


Parts Control Center, Mechanicsburg, Pennsylvania: 


| Someries amen nay a seme 


| leenort of a Simulation of the Use of New Replenishment 
F es at Navy secondary jtock Points with Recommendations for 
Installation of the Rules, A report prepared for the Bureau of 
Supplies and Accounts, Navy Department, Washington, D. G. (Los 
Angeles: Planning Research Corporation, April, 1962), p. 25. 
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cost” and/or “holding cost" are adjusted to stay 

witnin the buiget and, tnereby, lose any resemblance 

to measures of resource utilization (i.e., costs). 

Many other factors continually force decision-makers 

to modify the rules, so tnat their resemblance to the 

rules. originally formulated is more apparent than 

real, 
It seems as if the authors have noted the fallacy that, in 
erbitrarily adjusting the cost parameters, we have attempted to 
make the circumstances fit the system rather than design a system 
that would be responsive to the needs of manegement. We are 
cautioned by one leading authority in this respect when he 
discusses selentific management techniques per se: 

In fact, we may be developing a "gadset bag" of 

techniques for the efficiency expert instead of a 

manegement science which supplies knowledge, concepts, 

and disciplines for the use of management.< 
There have been attempts to determine the losses which would result 
if incorrect data were used. Mr. Joel Levy approaches the problem 
in a technical paper by “assuming” correct parameters and then 
discusses the technical procedure which would be used for computing 
the losses which would result if other values were used.’ This is 
a recognition by Mr. Levy of the difficulties involved in the 


determination of the "correct" parameters. Nevertheless, it is 





lpuniap and Associates, Ino., loc. cit., p. 71. 


“Peter F, Drucker, "Thinking Ahead,” Harvard Business 
teview, January-February, 1959, p. 25. 








5, Levy, "Loss Resulting From the Use of Ineorrect Data in 
Computing an Optimal Inventory Policy,” Naval Research Logistics 
Quarterly, March, 1956, p. 75. 
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believed that we must make our best effort to ascertain these 
parameters. Once determined, their arbitrary adjustment to effect 
a reduction in order quantities will only serve to confuse and 
mislead the inventory manager. It is concluded that the method 
deseribed in the subsequent section is preferable to reduce 
Quantities ordered. The cost parameters, as determined by proper 
cost analysis, should remain as guideposts for inventory manazge- 


ment decisions. 





The adverse effects which have been experienced by 
adjusting cost parameters, not the least of which is the loss of 
confidence by budget analysts in the economic order quantity 
formula. This resulted in the adoption by at least one inventory 
manager, the Commanding Officer of the 3hips Parts Control Center, 
of another approach. The concept was derived that rather than 
“adjust” cost parameters, they would be computed as accurately as 
possible in accordance with Long-range plans and so far as 
possible within limitations set down by higher authority. After 
the economic reorder quantities were computed, each one would be 
reduced by whatever percentage was necessary for the Commanding 
Officer to stay within the amount of Navy Stock Fund money 
allotted. The formula (introducing lambda as the percentage 


factor) is written: 
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Q. = ZAG 
. k\ 
Where all factors remain as originally described sxcept that: 
Sy 


A 


il 


the reduced "buy" quantity, and 


lambda, the percentage of the economic order quantitie 


Uf 


for which funds are available. 

fhis, in this computation, the “true” economic order 
quantity can be computed as reduced by the value of lambda. The 
increase in total costs incurred as a result of insufficient 
stock fund can then be derived. fhe effecta of this procedure 
ean be shown graphically es in Figure 35. The advantages of this 
procedure lie in the fact that, once cost parameters are 
determined, the inereased costs of ordering reduced buy quantities 
can be determined. The increased cost data might be submitted to 
justify budget requirements, and with proper data to support 
determination of cost parameters the inventory manager would be 
in a more sound position to justify budget requests. Further to 
illustrate the effects on total costs resulting from the 
application of various values of lambda, the Ships Parts Control 
Center, Mechanicsburg, Pennsylvania selected a sample of the 
items under their inventory management control and, by computer 
simulation, determined the effects on total costs as discussed in 


the next section. 
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FIGURE 3 


Reduced Buy Quantities 
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Analysis of Costs, SPCC, Mechanicsburg, Pa. 


To determine, in a specific example, the effect on 
ordering costs, holding costs, and totel annual ecests, these costs 
were simulated for a sanple of the inventory under the control of 
the ships Parts Control Center, Mechanicsburg, Pa. The method of 
gample selection is shown in Appendix I, The sample selected 
represents one percent of ali the items controlled, less the 
items with no demand, since these items would not be replenished. 
This resulted in a total of 947 items for which there has been 
some movement; only Navy Stock Account items are included, there 
being only a few Appropriation Purchases Account Items involved. 
An averaze ordering cost of #25 and a holding cost rate of from 10 
to 38 percent was used. The variation in holding cost rate 
depends on the obsolescence risk rate assigned to the items 
included. The obsolescence risk rate varies from 5 to 33 percent; 
the interest rate used is the Department of Defenss directed rate 
of 4 percent, and the storage sost percentage used was one percent. 
The results of the simulation are shown in Table 1. In 
| this analysis, economic order quantities would be ordered for the 
| gample items when lambda was assigned a value of 1; that is, its 
| value would not affect the computation of the quantities to be 
| ordered in the solution of the E. 0. Q. formule. From Table l, 
based on the cost parameters used by the Ships Parts Control 


Center, the minimum totel annual costs for ordering and holding 
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TABLE L 
TOTAL ANNUAL COST ANALYSIS 
FOR 947 ITEM SAMPLES OF SPCC, MECHANICSBURG, PA. 
INVENTORY SUBJECT TO EB. 0. Q. 


“ be 2 ioe ees 


Lambda Sum of Sum of Sum of i Increase in 
| Ordering Costs | Holding Costs] Total Costs Total Costst 








@.2 4290, 921 $293,830 $235,646 
0.2 |} 145,460 151,279 93,094 
0.3 95, 974 105,702 47,517 
0.4 72,730 , 397 26,183 
0.5 58,184 72,730 14,546 
0.6 48, 487 65,942 7,758 
0.7 41,560 61,925 3,740 
0.8 36, 365 59,639 1,454 
0.9 32,3524 53,507 323 
1.0 29,092 58,184 0 
1.1 26,447 58,449 264 
1.2 24,243 59,154 969 
or 22,578 60,198 2,014 
1.4 20,780 61,509 3,324 
195 19, 394 63,033 4,848 
1.6 18,182 64,730 6,545 
hat 17,113 66,570 8, 386 
1.8 16,162 68,528 10, 344 
.1.9 15,311 70, 587 12,402 
2.0 14, 546 72,7 14,546 
2.1 13,853 74,947 16,762 
2.2 13,223 77, 226 19,042 
2,3 12,648 79,561 21,376 
2.4 12,121 81,943 23,758 
2.5 11,636 84, 367 26,183 
2.6 11,189 86,829 28, 644 
2.7 10,774 89, 324 31,139 
2.8 10, 390 91,848 | 33,664 
2.9 10,031 94,399 36, 215 
3.8 9,697 96,974 38,789 





lvalues taken to the next lower dollar; totals will not 
mecessarily be in agreement due to rounding off. 
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these items is $58,184. Presumably, for the entire universe, the 
minimum total costs for ordering and holding the inventory is 


approximately $5,818, 400.+ 


This sum would be equally divided as 
between ordering and holding costs, since by definition, total 
costs are at a minimum when they ere equal. Total annual costs, 
erderinz costs and holding costs are shown in Table 1 for the 
values of lambda from = 0.1 to = 3.0. 

An interesting observation is that total annual costs 
lnereasge at a much greater rate as the buy quantities are reduced 
than they do as they are increased. The analysis shows that if 
order quantities are decreased by 50% (Lambda = 0.5) the inmerease 
in total annual costs is $14,546 for the sample items. On ths 
other hand, the increase in annual costs when the order quantities 
are increased by 50% over the BE. 0. Q (Lambda = 1.5) is $4,848, 
or about one-third. This difference increases at an ascending 
rate the more the order quantities are adjusted. It would appear 
from this, that if an error were to be made, it would be more 
advantazeous from a total annual cost point of view for the error 
to be made on the high side (ordering greater quantities). 
Unfortunately, when the matter is discussed with the Navy Stock 





Lit should be recognized that holding costs for the 
portion of the inventory which was not replenished is not included 
and that total costs therefore must be greater, To be more 
accurate the $5,818,400 cost would be applicable only to those 
items replenished, i.e., as projected by the sample, approximately 
94,700 items. 
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Fund budget analyst, the tendency is to reduce the buy quantities 
to conserve Navy Stock Pund money. The implication is that, 
although Jevy ttock Pund expenditures are reduced, they are 
reduced only at the expense of an overall total cost increase, 
The Shios Parts Control Genter is currently ordering one-sixth of 
their economic order quantities (Lambda = 0,183) because of the 
limited availabillty of Navy Stock Fund money. The implication 
from the analysis is that, whereas tne total annual costs for 
carrying the inventory should be $5,818,400, based on the cost 
parameters utilized, actual total costs for those items 
replenished exceed $15,121,900 (based on the value Lambda = 0,2 
from Table 1). This would indicate that the hand-to-mouth 
operation used in managing Ships Parts Control Senter's inventory 
is costing the U. S. economy #9,309,400 more than necessary. 

These costs would be most difficult to verify from the 
appropriation structure since they would be dispersed throughout 
the supply system and, as noted previously, include charges that 
are not in the Navy appropriation structure. fhe estimated amount 
for purchases of Havy Stock Fund Material for 3hips Parts Control 
Genter, Mechanicsburg, Pa., for the fiscal year 1963, is almost 
8170,000,000,+ Part of the costs, for example, included in the 


total cost of inventory manegement would be the interest charge on 


the averase amount held. Also, it would be inappropriate to make 








ll 
a comparison of the balance of the costs with appropriated amounts, 
especially since the value of lambda as one-sixth (.183) has been 
in effect for a part of the year only. But the bulk of the costs 
of inventory manegement are funded by the appropriation, 
Operation and Maintenance, Navy. The Bureau of Supplies and 
Accounts' allocation of this appropriation for the fiscal year 
1963, was $297,600,000. The Navy supply system manages 
approximately 1,200,000 items, of which Ships Parts Control Center 
Mechanicsburg controls about 160,000 or approximately 13%. It 
would be incorrect to consider that the amount necessary to 
support the ordering, holding, and issuing of material controlled 


by Ships Parts Control Oenter, Mechanicsburg, would require the 


‘annual expsuditure of $36.4 million (13% of the O&M funds under 


the contrel of the Bureau of Supplies and Accounts) since there 
ay 


are other functions financied by this appropriation. But it is 


not “unreesonable to believe that the cost of ordering and holding 
be! 


‘the operating level of supply of those items controlled by Ships 


Parts Control Center exceeds the amount indicated in the total 
cost analysis. It must be emphasized that in the computation 
Ships Parte Control Genter, Mechanicsburg, in the case of storage 
charges and Laterest rate used the rates prescribed by higher 
authority. Their relationship to actual costs is certainly open 
to question. Also, in the case of ordering costs used, the 
definition of the ordering costs is arbitrary--it considers only 


those costs incurred at Ships Parts Control Genter, Mechanicsburg. 
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The total cost average of $25 rather than a variable element of 
the ordering costs of the supply system was used. what the actual 
variable ordering cost should be, as contemplated for use in the 
formula, is not known or substantiated by any studies to the 


author's knowledge. 


Navy Costs of Inventory Management 


However, despite the lack of information regarding the 
specific costs, the magnitude of some of the cost elements can be 
considered from a Navy viewpoint. Many of the ordering and 
holdinz costs are merged with each other and with other costs in 
the present accounting structure. However, the Servicewide Supply 
part of the appropriation, Operation and Maintenance, Navy 1963, 
is approximately $297,684,000. A breakdown of the amounts 
budgeted is shown in Table 2.4 oertain elements might be isolated 
for applicability in this case. The Navy supply system operations 
part of the appropriation (Management code OH in Table 2) is 
pudgeted at §172,032,000. Inventory control point operations 
(Code 0S in Table 2) is budgeted at a cost of $54,787,000. whate 
ever percentage of the total effort is devoted to purchasing, 


ordering, receiving, and intra-Navy shipping is properly allocable 





ithe information in Table 2 is taken from a report, Serial 
63-4 of 14 February 1963, prepared by the comptroller of the 
Bureau of Supplies and Accounts for the Chief of the Bureau. 
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TABLE @ 
APPROPRIATION OPERATION AND MAINTENANC2, NAVY 


SERVIOEVIDS SUPPLY--FY 1963, ALLOCATIONS 
(3000 ) 


















Memt | 
Code | SH-Project 
2310-10 Operations 
20 Travel 
95 Disposal 
62 Squipment 
63 Major R&M 
64 Recurring M & R 
65 Minor Const & 
Alter 
95 Prod of L&T 
Products 


OH 
















| TOTAL = QO 
2515-15 ICr's-Operations 
20 Travel 

95 Disposal 

62 Equipment 

64 Reourring M & R 
66 Cataloging 


2350-50 Salaries 
20 Travel 
31 tquipment 
52 Supplies & 
services 
95 Disposal 
| TOTAL =~ OM | 
OR | 2310-10 Operations 
20 Travel 
TOTAL = OR | 
OD } 2310-10 (OL) Opers.-AIGSC 
12 Transportation : 
20 (O1)Travel-AIGso 
61 Mise. Services 
SUB-TOTAL 
2315-15 Commissary Stores 
15 (OW) Opers.-NSRDF 
20 (OW) Travel-N3RDPF 
61 Mise. Services 
95 Disposal 
SUB-TOTAL See |. ae eel 1 3e DOo 
LOTAL ~_OD Hel eos 1629 Leer a2 


TOTAL APPROPRIATION 61.5 61,003 129 


OM 
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ws 
to the total cost of ordering. Tae variable elements of these 
costs cannot be determined without further analysis and a Z 


definition of an appropriate time-frame. Other orderings costs 





from Table 2 would inelude purchasing operations (Management code 
OR) budgeted at 322,250,000. Also, the percentage of transportatic: 
costs (under code OD) of $39,753,000 sppuaeiat, Ve intraelavy 
shipments would be a cost of ordering. Data to allocate some ef 
these costs may be available from other sources. For exanple, 
workload data relative to the receipt and issue of material is 
contained in another report as shown in Table 3. Based on the 
FY 1962 data from Table 3, it appears that of the total ‘hen T 
items hundled by the Navy supply system, approximately 22 percent | 
were receipts for stock, Tnis is presumably a measure of the | 
ordering volume although it would be inappropriate to apply this | 
percentase to the total costs incurred, sinee many of the costs 
are unrelated to the ordering of stock material. From Table 3 it — 
Gan also be@ noted that about 25% of the line items handled for 
Ships Parts Control Center controlled ships repair parts (H 
cognizance items) were receipts into stock, somewhat higher than _ 
the system average. Ina report prepared for the internal : 
consumption of the Bureau of Supplies and Accounts, it is noted 
for the fiscal year 1962, that while material under the control of 
the Ships Parts Control Center, Mechaniesburg, accounted for 


about 15 percent of the supply actions, Ships Parts Qontrol Center 


orders accounted for elmost 38 pereent of the total purchase 
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56 
actions of the supply systen.+ This would ineicate that inventory 
decisions for the ship's parts segment of the supply system are 
responsible for a higher percentaze of the total ordering costs 
than other inventory decisions. Presumably, these decisions 
should heave been made in the light of this information. fhe 
variable element of the ordering costs incurred is not known. 

tin connection with both ordering and holding costs, 
certain other statistical data are available in the performance 
pregress report cited previously“ as shown in Table 4. The 
difficulty in allocating these costs, which were collected by work 
measurement function, to elther ordering or holding catezories can 
be seen in the possible allocations attempted in column 4 of 
Table 4, The further problem of determining the variable elements 
involved is even more difficult, 

Other data are avallable in the budget report submitted 
by the Bureau of Supplies and Accounts for the Navy Stock Fund, 
Por example, it appears some validity can be aserlbed to the 5-33 
percent obsolescence risk rates used by the Ships Parts Control 
Center, Mechanicsburg, in their cost analysis. For the fiscal 
year 1963, the budget indicates approximately $88,261,000 will be 
received by the Navy Stock Fund from appropriations of consumers 


as surcharcses. In addition to this, approximately %80,146,000 








lsureau of Supplies and Accounts, Performance Procress 
Report, (Washington: BuSandA, Fiscal Year 1962), pp. 12-13. 


“Ibid oy PP. 35-5. 
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TABLE 4 


PARTIAL LISTING OF OBLIGATIONS BY WORK MEASUREMENT FUNCTION 


FOR TH5 FISCAL YZ4AR 19627 
_ eiptnoee! 


Function supply pe pon | 
Operations anagement | 





‘Storage Control $9,032 

Storage Custody 10, 294 

Disposal Operations 4,530 46 

Storage Operations 9,620 

Public Yorks M&0 36,281 

Stook Mgt (Control) 23,065 15,134 

Admin. Operations 19, 380 10,969 

Traffic, Rec., Ship. 13,823 

Purchase 2,250 : 4,404 

Other Functions b b 
Total Obligations $218,879 | 478,981 


Possible 
Allocation 


Holding-Storage 









| Holding-Storage 
Obsolescence 


Holding-Storage 
5 toraze 


Varlouszotner 


% 4 
Varlousyotner 












| Various 
Various zorcen me 
| Ordering 


Various 


@ene information contained in columns 1 through 3 is taken 
from a Bureau of Supplies and Accounts report, Performance Progress 


report has been discontinued. 


Report, (Washington: BuSandA, Fiseal Year 1962), pp. 35-5. ‘This 


Donere are several other functions involved; however, 
Since most of the data are not pertinent, they are not reproduced 


here. 
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will be written off as stoek losses.+ While these costs are shown | 
as stock losses and other inventory adjustments, supporting 
schedules indicate most of these changes are transfers to 
disposal. For ships parts alone the amount which was transferred 
to disposal during the fiseal year 1963 was budgeted to be 
$44,500,000.° 

With respect to interest costs, total Navy Stock Fund 
inventories of peacetime operating stock are estimated at about 
$620 million.” Tne interest cost of holding this amount of 
material in storage at the Department of Defense directed rate of 
4 pereent would be a significant $24.8 million. If a higher rate 
of interest were considered appropriate on the basis of 
alternetive uses, the cost of interest would be proportionately 
higher. Sinee any reduction in the inventory releases funds for 
other uses, it is basically a variable element of cost and could 
be reduced proportionately with the reduction of inventories. 

The extent of any savings derived by reduction of this cost will, 
of course, not appear in any Navy appropriation and is, 


therefore, not subject to verification. 





*eenu of Supplies and Accounts, Navy Stock Fund, 
shgeot Year 1963 Reapportionment, Fiscal Year 1964 Budget 
Sstimates, (Washington: BuSandéA, 1 October 1962), p. 10. 

2tbid., De 70. 

*thid., p. 10. 
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summarizing, the magnitude of the costs involved are: 





Cost Element Amount (thousands) 
Servicewide Supply (0&M) $297 , 084 
Navy Stock Fund (Disposel) 80,146 
Other Appropriations 88,261 


(NSF Surcharges) 


Interest (4%) 24,800 
Total costs indicated $490,891 


This is not to say other costs are not involved. Military Pay, 
Navy, Military Construction, Navy, as well as other appropriations 
contribute a portion of the costs allocable to inventory 
menagement decisions, but the method of allocation is so nebulous 
as to almost defy analysis. The above is presented only to give 
the reader some perspective as to the magnitude of the costs 
involved. 

The cost data above oannot be related to the total cost 
analysis of Ships Parts Control Center, Mechanicsburg. But 
inventory decisions in the long run should reflect the total costs 
involved. Quantitative analysis will help, especially if the 
costs are segregated as in the oase of the method currently in 
use at Ships Parts Oontrol Center, Mechanicsburg. The values in 
using lambda in the computation of requirements is that it 
points up a potentlal area for the reduction of costs and for 


increasing efficiency in the management of inventories. The 
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implication of the analysis is not necessarily the conclusion. 
The conclusion is that prudent managers should be so motivated by 
such a possibility that no effort 1s spared in determining the 
cost parameters which are necessary to verify or refute the 
implication, Industry has used economic lot theory for many 
years, Many refinements have been made. The economic order 
quantity formulae has been generally accepted by management in 
industry as the most efficient method for those items where it is 
applicable. YVith increasing costs and narrowing profit margins, 
industry hes been hard pressed to find the most economical way of 
managing inventories. Economit lot preduction is a way of life 
in our mass-production-oriented economy. Industry has found it 
absolutely mandatory to determine cost parameters, frefitability 
of products can be determined only after all costs are aliccated, 
Cost accounting techniques have been developed so that a 
reasonably accurate estimate of fixed semi-variable and variable 
cost-elements are determined. These are the very same cost 
parameters needed to confirm or refute the implication Nevy 
inventories are not managed most economically. 


The point is this; currently, we do not know. 





. 





CHAPTER IV 
CONOLUSIONS AND RECOMMENDATIONS 


Conclusions 


It is implied by the data presented in this thesis that 


we may not be managing our inventories economically. It 1s 


concluded, based on the research necessary for this thesis, that 
we simply do not know. Further, we cannot be sure until we know 
what are our inventory management costs. These costs are so 
widely dispersed throughout the Navy appropriation structure and “i 
elsewhere, that they sre difficult to determine. | 

A second conclusion 1s that studies made to date to i 
determine the cost parameters of Navy inventory management are, 


at best, inadequate. Such data as have been generated, have been | 


summarily rejected as a basis for justifying budget requirements 


by both the Department of Defense and Bureau of the Budget budget 


analysts. 

A third conclusion is the fact that economic order 
quantity formulae have been used for decades by industry with 
increasing effectiveness for both economic lot production and 


inventory management. It is now generally accepted in industry as 
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the most efficient method of inventory management. To do this, . 
it has been necessary for industry to determine its inventory 
management cost parameters; in fact, through cost accounting 
techniques, reasonable estimates have been determined with — 


to their fixed, semi~variable and variable elements. > 


Finally, we in the Navy can also make these same cost 
parameter determinations; these determinations would be ee 
for budget and management purposes, but a longer time frame of ; 
reference must be used for long-range efficiency. \ 


(i 


A note of caution is inserted here; if economic order 


A 


quantity formulae are utilized, the conditions precedent to their: 


use must exist. They can reduce costs. They will not solve 
inventory management problems except with respect to random 
variation. Misapplication of the formulae remains as a constant — 


danger. 


Recommendations 





It is recommended that a major effort be expended in the 
direction of determining cost parameters applicable to the 
management of those segments of the Navy Department's inventories 
susceptible to replenishment by economic order quantity formulae. 

It is recommended that an agreement be reached between 
Navy representatives and the Department of Defense and Bureau of 


the Budget analysts as to the time-frame of reference which should 
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be used for the determination of the variable elements of the 
eosts involved. As a corollary, it is recommended the time-frame 
be extended beyond the budget year on the premise that in the 
long run all costs are variable. If when costs are reviewed there 
are considered only these inputs which are variable on an annual 
basis, many costs would not ever be ineluded. As a compromise, 
it is suggested all costs over a five-year period be considered 
as variable (on a progressive basis) to coincide with the current 
policy of planning as practiced by the Department of Defense for 
budget analyses. 

Finally, it is recommended, once acceptable ground rules 
for cost parameter analysis have been established, and cost 
parameters determined, that inventory managers utilize the 
economic order quantity formulae to the extent applicable for 
replenishment purposes for budget justification and for management 


decisions. 
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APPENDIX I 


Samples Used for Simulation? 


A. Zhe Need for Samples. 
Using the complete Perpetual Inventory Record (PIR), 


approximatsly 181,000 items, in a simulator is not economically 

feasible. To run the complete PIR through Simulation would 

require approximately 22 hours of machine time, while a 10% 

sample of the PIR would requires approximately 2 hours, and a 1% 

sample le minutes. Hence economy demands that sampling be used. 
Be. Sampling Scheme. 

There are numerous ways to select a sample: select 
every 10th item on the stock list, or every item ending in 67 or 
97. Any seheme is valid if it produces a sample which is 
representative of the universe. 

Thus the essential quality of a sample is its 
representativeness, and with our heterogeneous stock list this 


presents problems, particularly if the simulator produces output 





1 avanced Logistic Research and Development Branch, Ships 
Parts Control Senter, Mechanicsburg, Pa., A Single Warehouse 
System Simulator, Simulator Beta, (Ships Parts Gontrol Center, 
apg Pn tt th 


Mechanicsburg, Pa.: ecember 1961). 
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heretofore unavailable, and therefore not subject to comparison 
with knowrl characteristics of the universe. 

Re presentativeness of a sample may be determined by the 
ratios of the sample to the universe in the number of F items, 

Ss items, distribution of Q, unit price, ete. But how can it be 
determined that a sample is representative of the stock list if 

it used in a simulator to produce output for which no criteria for 
comparison exists: output such as average risk and #0Q, number 

of buys and dollars required for stock replenishment. 

If this is the situation then the determination of 
representativeness must be made indirectly rather than through a 
direct ratio comparison. Several samples are selected randomly 
and run through the simulator. Then an analysis is made of the 
simulator output to see if all the samples maintain a reasonable 
consistency in all results. This being true, the assumption is 
made that any or all the samples are representative of the stock 
list. 

To perform this analysis four 10% samples were selected 
in the following manner: 

sample 

1. AA lst and every subsequent 1lOth item. 

2. BB 3rd and every subsequent lOth iten. 

3. OO 5th and every subsequent 10th iten. 

4, DD 8th and every subsequent 10th iten. 


Also, four 1% samples were selected: 
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Sample 

lL. A lst and every subsequent lOOth iten. 

2. B 25th and every subsequent 1lOOth iten. 

3. C 50th and every subsequent 1lOOth item. 

4. D 75th and every subsequent 100th item. 

These eight samples were selected from the PIR as of 
week 02, the first review of FY 1962 after the PIR update and 
before the Supply Demand Review of week O2. 

QO. Sample Determination. 

The four 10% samples were analyzed for consistency 
of results, and proved to be satisfactory, having an average 
overall error in results of 4.8%. 

The average error was obtained in the following manner: 


The average risk of each sample is 


Sample Average Risk Error (Actual - Mean) 
BB 17. 738 063 
OO 17.726 0053 
DD 1%.551 124 
70.701 249 


Mean = tapes = 17.675 


Mean Average Deviation = 


sEt2. = 06225 
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fo convert the mean absolute deviation into an expression 
Which indicates the average percentage error, divide the mean 


average deviation (MADO by the mean (X): 


0522 s 
6 ek = 0.35% 


This average percentage error is eguivalent to the MAD expressed 
as a percent of the mean. 

The type of analysis was performed on several facets of 
Simulator output, resulting in the following average percentage 


errors between sample results: 


Qutput Percentage &rror 
Average System Risk 0 35% 
Dollar Forecast 7.17% 
Number of Buys Forecast 2.39% 
Number Q's (Quarterly Mean Average) = 0 96% 
Average Economie Order Quantity 4.08% 
Number Q's 1.5 7.53% 
Number Q's 1.5 6.90% 
Total Q 8.94% 
38.32% 


Then an average was taken of the percentage errors, which 
is 38.32 or 4.8%. This means that on the average the MAD was 
approximately 5% of the mean, which is believed to be a 
reasonable error over samples taken from such a heterogeneous 


universe as the Ships Parts Control Center PIR. 
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The 1% samples produced output of such wide variance that 
three of the four samples had to be discarded. Only Sample A 
gave results which were reasonably close to the 10% samples. 
Finally Sample A, the only usable 1% sample, and Sample 
AA were retained for simulation. 
Semple AA was retained because, of the four 10% samples, 


it most closely approximated the results of Sample A. 
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